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Measurement reporting in a telecommunication system 

Field of the invention 

This invention concerns reporting of measurements on radio 
interface in a telecommunication system. 

5 Background of the invention 

In mobile telecommunication systems mobile stations MS can use 
the services provided by the network using radio connections. The radio 
connection uses the channels of called radio interface between the mobile 
station and a base station of the mobile telecommunication network. Only a 

10 limited bandwidth on the radio spectrum is allocated to be used by the 
telecommunication systems. To gain capacity enough, the channels must be 
used again as densely as possible. To achieve this, the coverage area of the 
system is divided into cells, each cell being served by one base station. Due 
to this, the mobile telecommunication systems are often also called cellular 

15 systems. 

The network elements and the internal relation between the 
network elements of a mobile telecommunication system are presented in 
Figure 1. The network presented in the figure is in accordance with the 
UMTS system currently being standardized by ETSI (European 

20 Telecommunications Standards Institute). The network comprises base 
stations BTS (Base Transceiver Station), that can establish connections with 
the mobile stations MS, Radio Network Controllers RNC controlling the 
usage of base stations and Mobile Switching Centers MSG controlling the 
RNC's. In addition, the network comprises a Network Management System 

25 NMS, with the help of which the operator can modify the parameters of the 
other network elements. The interface between the MSC and the RNC's is 
generally called the lu interface. The interface between the RNC's and the 
BTS's is the lubis interface and the interface between the BTS and the MS's 
the radio interface. According to some proposals, an interface lur between 

30 the RNC's is specified. 

The calls of a mobile station are routed from the BTS via the RNC 
to the MSC. MSC switches the calls to other mobile switching centers or to 
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the fixed network. The calls can as well be routed to another mobile station 
under the same MSG, or possibly even under the same BTS. 

The radio interface between the base stations and the mobile 
stations may be divided into channels using a plurality of divisions. Known 
5 methods of division are, for example, Time Division Multiplexing TDM, 
Frequency Division Multiplexing FDM and Code Division Multiplex CDM. In 
TDM systems, the spectrum allocated for the system is divided into 
successive time frames consisting of time slots, each time slot defining one 
channel. In FDM the channel is defined by the frequency used in the 

10 connection. In CDM the channel is defined by the spreading code used in the 
connection. These methods can be used separately or be combined. 

To be able to successfully communicate with the mobile 
telecommunications network, the mobile station continuously monitors the 
radio signals sent by the base stations. In the idle mode the mobiles decode 

15 the strongest signal received, and when needed request the establishment of 
a connection from the base station transmitting this signal. 

During an active connection, the connection can be moved from 
one base station to another. The connection can be moved from one base 
station to another by simply rerouting the signal, which is called hard 

20 handover. The system interference can be decreased and thus the capacity 
increased especially in CDMA (Code Division Multiple Access) systems 
utilizing CDM by using soft handovers in which the mobile has 
simultaneously connections with a plurality of base stations, these base 
stations forming the so called active set of the connection. 

25 The handover may be 

• intra-cell handovers 

• inter-cell handovers between two base stations under the same 
radio network controller 

• inter-RNC handovers between two RNC's under the same 
30 MSC, or 

• inter MSC handover between two cells under different MSC's. 

In addition, the handover can be divided into intra-frequency 
handovers in which all the channels involved in the handover procedure are 
on the same frequency and inter-frequency handovers, in which there are 
35 channels from at least two frequencies involved in the handover procedure. 

To be able to establish the handovers to right base stations during 
an active connection, the mobile station continuously measures the radio 
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signals from the base stations it is in connection with as well as their 
neighboring base stations. The measurement results are transmitted to the 
network using the measurement reporting scheme specified in the system. 
Based on the reports, the network initiates the handover when the mobile 
5 station would have a better or at least sufficiently good radio connection to 
another base station. 

In addition to the network initiated handovers, also mobile 
evaluated handovers are known. In an exemplary description of a mobile 
evaluated handover, the mobile station monitors the signal levels received 

10 from neighboring base stations and reports to the network those beacon 
signals which are above or below a given set of thresholds. Those thresholds 
can be dynamically adjusted as will be explained in the following. Based on 
this reporting scheme, the network will decide whether the active set of the 
connection is to be changed. 

1 5 Two type of thresholds are used: the first one to report beacons 

with sufficient power to be used for coherent demodulation, and the second 
one to report beacons whose power has declined to a level where it is not 
beneficial to be used for receiving the sent information. Based on this 
information, the network orders the MS to add or remove base station 

20 signals from its active set. 

While soft handover improves overall performance it may in some 
situations negatively impact system capacity and network resources. This is 
due to the unnecessary branches between the MS and the base stations in 
the active set. On the downlink direction from the base stations to the mobile 

25 station, excessive branch reduces system capacity while on the uplink 
direction from the mobile station to the base stations, it costs more network 
resources. 

To solve this problem, the principle of dynamic thresholds for 
active set management is known in prior art. In this method, the MS detects 

30 beacons crossing a given static threshold T1. When crossing this threshold 
the beacon is moved to a candidate set. It is then searched more frequently 
and tested against a second dynamic threshold T2. This second threshold 
T2 will test if the beacon is worth adding to the active set. 

When the beacons corresponding to the branches in the active set 

35 are weak, adding an additional branch signal, even a poor one, will improve 
performance. In these situations, a relatively low value of T2 is used. When 
there is one or more dominant beacons, adding an additional weaker branch 
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whose beacon signal is above T1 will not improve performance but will utilize 
more network resources. In these situations a higher value of T2 is used. 

After detecting a base station signal above T2, the MS will report it 
back to the network. The network will then set up the handover resources 
5 and order the MS to coherently demodulate the signal of this additional 
branch. 

Beacons can be dropped from the active set according to the 
same principles. When the beacon strength decreases below a dynamic 
threshold T3, the handover connection is removed, and the beacon is moved 

10 back to the candidate set. The threshold T3 is a function of the total energy 
of beacons in the active set. When beacons in the active set are weak, 
removal a branch, even a weak one, will decrease performance. In these 
situations, a relatively low value of T3 is used. When there is one or more 
dominant branches, removal of a weaker signal will not decrease 

15 performance but will make the utilization of the network resources more 
efficient. In these situations a higher value of T3 is used. Branches not 
contributing sufficiently to the total received energy will be dropped. When 
further decreasing below a static threshold T4 a beacon is removed from the 
candidate set. 

20 To be able to control the connection, the network needs in 

different situations different kinds and different amount of measurement 
information. The more information is sent the more efficient the handover 
algorithm are. However, the more information the mobile station sends the 
network, the more radio resources are spent. Thus, the measurement 

25 reporting schemes according to prior art are always compromises between 
the efficiency of the handover algorithms and the usage of radio resources. 

As the usage of mobile telecommunication systems and 
multimedia applications requiring large bandwidths is growing the present 
methods are no longer sufficient, thus limiting the performance of the mobile 

30 telecommunication networks. The objective of the present invention is a 
flexible measurement reporting scheme which solves this problem. 

Summary of the invention 

The basic idea of this invention is to define triggers, e.g. threshold 
values for radio signal parameters, for sending a measurement report 
35 separately for downlink and uplink directions. In addition, it is specified how 
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the outputs of these triggers are to be combined. For example, it may be 
determined whether the measurement report is to be sent, for example, 
when both the uplink and downlink conditions are met, when either of them is 
met, based entirely on the uplink conditions or based entirely on the downlink 
5 conditions. 

The measurement report types is preferably a mobile evaluated 
handover measurement report triggering a handover. Such a report is 
triggered in the mobile station when at least one upper threshold of the radio 
signal parameters for a mobile evaluated handover is exceeded or lower 
10 threshold gone under. 

Brief description of the figures 

The invention is described more closely with reference to the 
accompanying schematic drawings, in which 
Figure 1 shows a mobile telecommunication system; 
15 Figure 2 shows the structure of a MEHO algorithm; 
Figures 3, 4, 5, 6 and 7 

each show a decision flow chart, and 
Figure 8 shows functional entities in a mobile station. 

Detailed description of the invention 

20 In the following, preferred embodiments of the invention are 

studies further. 

In this context mobile evaluated handover means, that a handover 
measurement algorithm situated in the mobile triggers the handover report. 
The actual HO decision is always performed by the network. The handover 
25 report types can be further divided into intra-frequency and inter-frequency 
handover report types. 

The intra-frequency handover 

The algorithm presented in the following includes the possibility to 
30 use information about the downlink (DL), uplink (UL) or both as the trigger for 
the HO report. Also this scheme provides a flexible means to control the 
information content of the HO report. The actual thresholds and timers in the 
algorithm are selected to be such, that a wide variety of HO algorithms can 
be constructed by the appropriate setting of these 
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The mobile station continuously performs measurements on the 
radio signals from different BTS's according to the procedure described in 
the following. 

The mobile determines the received power of the beacon channel 
for BTSi. This power is denoted as Prx,i (mW). The MS performs this 
measurement for time period t (a parameter set by network). The value of 
Prx.i is averaged over the measurement period. The result of this operation is 
denoted as P_averxj. When the measurement is completed, the path loss 
estimate, denoted as Li (dB), is calculated as: 



L t = -101og 10 



P_beacon tx i y 



(1) 



In (1), the unit of P_beacon tx ,i is mW. 

During the same measurement period t the MS also estimates the 

15 interference power of the beacon channel before or after (this is preferably a 
parameter defined by the network) correlating the received sum signal with 
the spreading code. The values calculated before or after the correlation 
differ due to the fact that the correlation remarkably reduces the interference 
caused by other connections. This interference is denoted as fc (mW). The 

20 interference is also averaged over the measurement period. After the 
averaging has been performed, the average value is converted into dBm. 
This average is denoted as Lave*. 

The MS is also to receive, e.g. on the beacon channel, the 
DL_offset value of BTSj, denoted as DL_offsetj (dB), which is a relatively 

25 stable parameter and there is thus no need to re-receive it for each 
measurement period. The purpose of this base station specific parameter is 
to specify fro different cell sizes. The mobiles are handed over from a first set 
of cells more willingly than from a second set of cells. These cells of the first 
set thus become smaller than the cells of the other set. The offset value can 

30 be seen as an additional base station specific part of the threshold values 
that are soon to be presented more closely. 

From the above information the MS is to calculate one DL HO 
measurement Sdu sample as 



35 



(2) 
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Sdi,i is thus a measure for the carrier to interference ratio CIR of 
the measured signal. It is to be noted that the larger the value of S d i.i, the 
worse the link from the base station to the mobile station is. The scope of 
5 this invention is not limited to the use of this particular measure, but other 
measures of the link quality may as well be used when implementing the 
present invention. As one example, the bit error ratio BER in the received 
radio signal can be used as the measure. 

The MS is also to receive, e.g. on the beacon channel, the total 
10 interference power , l uU (dBm) at the BTSj and the UL offset value, UL_offseti 
(dB) of BTSi. The MS is then to calculate the value of one UL HO 
measurement sample as 

Suu = U + hi,i + UL_ offset, (3) 

"15 When these measurements and calculations have been 

performed for BTSj the MS is then to place the results as the first elements in 
the vectors L_vectj ( for the value of L s ), S_vectdi,i (for the value of S d i.i) and 
S_vect u i,j (for the value of S u i,j). The last element of these vectors is 
discarded. The vectors comprise the history of the measurement results. The 

20 length of the history maintained, defined by the length n of these vectors is a 
network parameter. 

Having performed the measurements for this base station signal 
the MS checks whether a MEHO (Mobile Evaluated Handover) report is to 
be transmitted according to the HO algorithm described in the following. The 

25 argument of the algorithm may be for instance either median or mean of the 
vectors S_vect d i,i and S_vect u i,j , and is preferable defined by the network. In 
addition, the MS starts to measure the beacon signal transmitted by the next 
BTS BTS i+ i. 

The HO algorithm is used to trigger the transmission of the MEHO 
30 measurement report. In the algorithm the UL and DL directions of 
transmission are treated separately. So actually two algorithms can function 
in the MS independently. The network can command the MS to use either 
one of them or both for the triggering of measurement report transmission. It 
should be noted, however, that the active set is always the same for both 
35 directions of transfer. 

The algorithm includes the below thresholds: 
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1 . Branch addition threshold denoted in this document as 
BA_abs th and BA_rel t h , 

2. Branch deletion threshold denoted in this document as 
BD_abs th and BD_rel t h, and 

5 3. Branch replacement threshold denoted in this document as 

BR_rel th 

For the thresholds 1 and 2, both an absolute and a relative 
threshold are defined. Separate values can be defined for the uplink and the 
downlink directions. The thresholds are used in Branch Addition (BA), the 

10 Branch Deletion (BD) and the Branch Replacement (BR) decision units. 
These units may be implemented as hardware units, software blocks or a 
combination of these. 

The basic structure of these algorithms is presented in Figure 2. 
The uplink comparison unit ULU compares the measurement results of the 

15 uplink radio signals to triggers defined by the thresholds set to these signals, 
and outputs a logical truth value. The downlink comparison unit DLU 
compares the measurement results of the downlink radio signals totriggers 
defined by the thresholds set to these signals, and outputs a logical truth 
value. The results of ULU and DLU are combined to one logical signal using 

20 a logical function. The logical value may be, for example, AND or OR 
function, or a function outputting directly one of the input values of the block. 
The truth value of this signal is verified, and a report is sent if the truth value 
is TRUE, for example. Of course, using a different logical function when 
combining the outputs of ULU and DLU, it can be defined that the report is 

25 sent if the truth value is FALSE. 

The parallel decision units BA, BD and BR shown in Figure 2 are 
used in different situations. BA is used when the base station is not in the 
active set of the connection, and the number of links between the MS and 
BTS's in the active set is less than a given limit N A s,max. The value of N A s,max 

30 is a preferably a parameter set by the network. 

BD is used when the base station is in the active set of the 
connection. To prevent ping-pong effect, the logical functions of the BA and 
BD blocks must be consistent so that the same measurement values for a 
link between the MS and a BTS may not cause both the units to trigger a 

35 measurement report suggesting an addition or deletion of the same link. For 
example, if logical functions AND and OR are used, the value OR may not 
be used in both the decision blocks. 
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BR is used when the base station is not in the active set of the 
connection and the number of links between the MS and BTS's in the active 
set is equal to the limit N A s,max. This decision unit is used to replace on link of 
the active set by another one having better radio characteristics. 
5 One algorithmic implementation of the downlink comparison unit 

DLU of the branch addition algorithm BA is shown in Figure 3. The algorithm 
is used for beacon signals from base stations that do not belong to the active 
set. At stage A1 it is checked whether the number of base stations in the 
active set is less than a predefined limit, i.e. whether the active set is full. As 
10 an example, the limit 3 can be used here. If the active set is full, the branch 
replacement algorithm is selected instead of this algorithm (stage A10). 

If the active set is not full the procedure proceeds to stage A2, A3 
and A4, in which 

• it is checked whether new measurement results have been 
15 received (stage A2), 

• S i( DL is compared to absolute threshold BA_abs th , dl, and 

• Si,DL is compared to threshold S_bestj iD L+BA_relth.DL, in which 
S_best i(D L id the value measured for the best active branch. 

If new results have been received and both the threshold values 
20 BA__abs t h,DL and S_bestj tD L+BA_rel t h t DL are higher than Sj, D L, the output of the 
DLU is set to TRUE. 

The uplink branch can be implemented using a similar algorithm. 
If new results for the uplink have been received and both the threshold 
values BA_abs th ,uL and S_bestj,uL+BA_rel thtUL are higher than S it uL, the output 
25 of the ULU is set to TRUE. The threshold values BA_abs thtD L/ BA_abs th ,uL 
and BA_re1th f Di_/ BA_rel t h,uL used in different directions may be different from 
each other or identical. 

The values of the DLU and ULU algorithms are inputted into the 
logical function, as shown in Figure 2. MEHO measurement report is sent if 
30 the function outputs a value TRUE. For example, if the logical value used is 
AND, the MEHO measurement report is sent when both the ULU and DLU 
have value TRUE. 

An algorithmic implementation of the downlink comparison unit 
DLU of the branch deletion algorithm BD is shown in Figure 4. This algorithm 
35 is used for beacon signals from base stations that belong to the active set. 

It is first checked whether new measurement results have been 
received (stage D2). The measurement result S i(D L is compared to thresholds 
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BD_abs th ,uL (stage D3) and S_best iiDL +BD_rel th ,uL (stage D4). If either of 
these thresholds is lower than Si,dl, the DLU is set to TRUE (stage D5). 
Otherwise, DLU is set to FALSE (stage D10) and the next beacon signal in 
the active set is measured. 
5 A similar comparison in made between the uplink measurement 

results and uplink thresholds to define the value of ULU. DLU and ULU are 
combined using a logical function defined by the network to make a decision 
whether to send or not to send a MEHO measurement report. To prevent the 
ping-pong effect, the logical function used is selected so that the same 
10 measurement results never cause the BA to request the addition of a branch 
and the BD to delete the same branch. To meet this requirement, only one of 
the logical functions used in BA and BD algorithms according to the same 
reporting option may be a logical OR function. This is depicted in the 
following table for two different options for measurement reporting: 

15 





Logical function for BA 


Logical function for BD 


Option 1 


AND 


OR 


Option 2 


OR 


AND 


Option 3 


AND 


AND 



An algorithmic implementation of the downlink comparison unit 
DLU of the branch replacement algorithm BR is shown in Figure 5. The 
algorithm is used for beacon signals from base stations that do not belong to 
20 the active set. At stage R1 it is checked whether the number of base 
stations in the active set is equal a predefined limit, i.e. whether the active 
set is full. As an example, the limit 3 can be used here. If the active set is not 
full, the branch addition algorithm is selected instead of this algorithm (stage 
R10). 

25 If the active set is full the procedure proceeds to stage in which it 

is checked whether new measurement results have been received (stage 
R2). If no new measurement results have been received, the next beacon 
signal is studied. If new measurement result S iiD L has been received it is 
compared at stage R3 to the measurement value S_worst iiD L of the worst link 

30 in the active set. If S_worst iiD L exceeds Sj, D i_ with a margin of BR_rel th DLU is 
set to TRUE (stage R4). Otherwise ULU is set to FALSE (stage R20) and the 
measurements on a next BTS not belonging to the active set studied. 
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The uplink branch can be implemented using a similar algorithm. 
In this comparison, S i(U L is compared to S_worstj, D i_ of the worst link in the 
active set. If S iiD L exceeds S_worst i?D L with a margin of BR_rel th DLU is set to 
TRUE. The margin values BR_rel th are preferably identical in downlink and 
5 uplink directions, but also different values in different directions can be used. 
This is a parameter that is defined by the network. DLU and ULU are 
combined using a logical function to make a decision whether to send or not 
to send an MEHO measurement report. The logical function is preferably an 
logical AND function. In another preferred embodiment, the logical function 

10 can be adjusted freely by the network. The output of the logical function can 
be, e.g. the truth value of DLU or ULU. 

When the MEHO algorithms in the mobile station trigger the 
measurement report the status of the M best cells/sectors is transmitted/The 
transmitted measurement report is always to include the appropriate values 

15 for the active set. The M best cells/sectors are determined by using the 
values of S ifd i or S itU i depending on whether it was DL or UL algorithm that 
triggered the report. The contents of the report is preferably determined with 
an message sent from the network. The measurement report includes, e.g. 
the following values for each cell/sector to be reported. These values are the 

20 filtered values. 

1 . Sj.di 

2. Sj.ut 

3. Li 

It should be noted, that the measurement report can include 
25 information only about neighbour BTSs whose beacon signals have been 
decoded. Thus the handover report has to include the information of the 
number of BTSs that are being reported. 

Also the information included in the measurement report may 
preferably be defined by the network. For example, the number of beacon 
30 signals whose power level is to be reported in a measurement report is 
preferably defined by the network. 

The Inter-frequency HO 

The inter-frequency measurements are always initiated by the 
network. Thus the mobile can perform inter-frequency MEHO only after the 
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network has first commanded the MS to start the inter-frequency HO 
measurements. 

There are at least three different reasons for inter-frequency HO: 

1. Coverage. The MS is e.g. exiting the coverage area of a 
5 microcell and has to hand over to a macrocell. This case may 

be relatively simple. For example if the branch deletion has 
triggered a measurement report and only one branch is active 
the conclusion by the network is, that the MS is exiting the 
coverage area. The network responds to this by transmitting a 

10 message 'start i-f measurements'. This message includes the 

possible candidate BTSs. The mobile would then start 
searching for a stronger BTS on the other frequency. The 
transmission of the measurement report is triggered when the 
MS finds a candidate BTS on the other ( new) frequency that is 

1 5 stronger than the best active branch on the current frequency. 

2. Load. If for some reason the load on the used frequency is 
higher than on some other available frequency an inter- 
frequency HO may be appropriate. This situation would 
probably be known only by the network. After the network has 

20 detected the overload situation the actions are the same as in 

case 1 

3. Mobile speed. The speed of the MS is so high, that an 
excessive amount of handovers are needed if the MS is 
connected to the microcell layer. This is an item for further 

25 study. The most crucial question is the detection of the MS 

speed. That is, there a method to reliably estimate the MS 
speed? Can the received beacon powers be measured often 
enough to be able to use fast fading based methods? What 
signalling does the MS use to indicate its' speed if the 
30 estimation is in the mobile? 

After the MS has been commanded by the network to start the 
inter-frequency measurements the MS is to perform the measurements on 
the frequency given in the start measurement command. 

The algorithm is used to trigger the transmission of the inter- 
35 frequency measurement report. In the algorithm the UL and DL directions of 
transmission are treated separately. So, actually two decision algorithms, 
DLU and ULU function in the MS independently. The outputs of these 
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algorithms are combined as shown in Figure 2 to make the final decision 
concerning sending the measurement report. The network can command the 
MS to use either one of them or both for the triggering of measurement 
report transmission. It should however be noted, that the active set is always 
5 the same for both directions of transfer. 

The algorithm includes the below threshold. For the threshold an 
absolute and a relative threshold CF_abs t h and CF_rel th are defined. The 
decision flow chart for DLU unit of the algorithm is shown in Figure 7. 

If new measurement results have been acquired in the new 
10 frequency not belonging to the active set, the link losses the beacon signal is 
suffering are compared to an absolute threshold CF_abs th . If the quality of 
the link is sufficient it is compared to the best link in the active set. If the 
quality is better with a predetermined margin the output of the DLU algorithm 
is set to TRUE. 

15 A similar algorithm ULU is run for downlink direction. The outputs 

of DLU and ULU are combined using a logical function as described earlier. 

When the HO algorithms trigger the inter-frequency measurement 
report the status of the M best cells/sectors is transmitted. The M best 
cells/sectors are determined by using the values of Sj, d i or S itU i depending on 

20 whether it was DL or UL algorithm that triggered the report. The contents of 
the report is determined with a message sent from the network. The 
measurement report includes, e.g. the following values for each cell/sector to 
be reported. These values are the filtered values. 
1. Si, d , 

25 2. Si, u , 

3. L 

It must be noted that the possible logical functions are not limited 
to those presented in the examples above. For instance, if the outputs of the 
DLU and ULU functions are not binary but have more levels or are even 

30 continuous functions triggered by some events on the radio signals in 
respective directions, fuzzy logical functions can be used when making the 
decision whether to send or not to send a measurement report based on the 
outputs of the functions DLU and ULU. The fuzzy logical functions are 
preferably given by the network. 

35 A mobile station according the invention is shown in Figure 8. As 

its characteristics, the mobile station has 
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• receiving means for receiving information about first and 
second set of trigger conditions corresponding, respectively, to 
uplink and downlink signals and a logical function, 

• monitoring means for monitoring the radio signals, 

5 • checking means which is responsive to the receiving means 

and the monitoring means and which has the functionality of 
checking the state of each trigger conditions, 

• combining means responsive to the checking means for 
combining the states according to the logical function, and 

10 • sending means responsive to the combining means for sending 

a measurement report to the base station. 
According to a preferred embodiment, 

• the receiving means are arranged to receive a first 
combination of a first and a second set of trigger conditions 

15 and the logical function and a second combination of a first 

and a second set of trigger conditions and the logical function, 
and 

• the checking means and the combining means are arranged to 
use the first combination for radio signals from or to active 

20 base stations having an active link with the mobile station and 

the second combination is used for radio signals from or to 
candidate base stations not having an active link with the 
mobile station. 

The measurement reporting scheme according the invention 
25 provides flexible means for reporting measurement results. The advantage of 
the flexibility is that the measurement reporting can be adjusted to provide 
the network the necessary information while minimizing the amount of radio 
resources spent for the measurement reporting purposes. 

The invention has been described above by means of preferred 
30 embodiments to illustrate the principles of the invention. As regards the 
details, the invention may vary within the scope of the attached claims. 
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Claims 

1. A method of measurement reporting in a telecommunication 
system comprising mobile stations and a network comprising base stations, 
wherein decisions upon establishing or canceling a communication link 

5 between a mobile station and a base station are made in the network on the 
basis of measurement reports sent from the mobile station to the network, 
characterized in that the method comprises the steps of 
defining first and second sets of trigger conditions corresponding, 
respectively, to radio signal properties in the uplink and downlink directions, 
1 0 defining a logical function for combining said first and second sets 

of trigger conditions, 

at the mobile station, determining the state of each trigger 
condition, combining the states according to the logical function, and sending 
a measurement report to a base station in dependence upon the condition of 
15 the logical function. 

2. A method according to claim 1, characterized in that the first 
and second set of trigger conditions are dynamically defined by the network. 

3. A method according to claim 1 , characterized in that the logical 
function is defined by the network. 

20 4. A method according to any of the preceding claims 

characterized in that 

a first combination of the first and second sets of trigger conditions 
and the logical function are defined to be used for radio signals from or to 
active base stations having an active link with the mobile station, 

25 a second combination of the first and second sets of trigger 

conditions and the logical function are defined to be used for radio signals 
from or to candidate base stations not having an active link with the mobile 
station, and 

at the mobile station, the first combination is used for radio signals 
30 from or to active base stations having an active link with the mobile station 
and the second combination is used for radio signals from or to candidate 
base stations not having an active link with the mobile station. 

5. A method according to claim 4, and comprising the step of 
creating an active link between the mobile station and a candidate base 
35 station not having an active link with the mobile station when the network 



1? 
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receives from the mobile station a measurement report triggered by the radio 
signals from or to that candidate base station. 

6. A method according to claim 4, and comprising the step of 
deleting an active link between the mobile station and a base station when 

5 the network receives from the mobile station a measurement report triggered 
by the radio signals from or to that active base station. 

7. A method according to any of the claims 4 to 6, characterized 
in that said two different logical functions are such that when a base station 
is in the active set, a measurement report is not triggered by a radio signal of 

10 that base station for the same set of radio properties as would trigger the 
transmission of a measurement report when the base station is in the 
candidate set. 

8. A method according to any one of the preceding claims 
characterized in that the method comprises a step of defining a logical 

15 function for use when the number of base stations in the active set is equal 
to a predefined maximum number, and defining the first and second sets of 
trigger conditions on the basis of the radio signal properties of the active 
base station having the worst signal conditions, and wherein a measurement 
report is triggered by a radio signal of a candidate base station causes that 

20 worst base station to be replaced by the candidate base station. 

9. A method according to claim 8, characterized in that the 
maximum number is dynamically defined by the network. 

1 0. A method according to claim 1 , characterized in that at least 
one of the trigger conditions is a condition for the received power level or a 

25 function thereof. 

1 1 . A method according to claim 1 characterized in that at least 
one of the trigger conditions is a condition for the interference in the received 
radio signal or a function thereof. 

12. A method according to claim 1 1 in a network using CDMA air 
30 interface in which the connections are divided using different spreading 

codes, characterized in that the value for the interference is an estimate for 
the interference power made before the signal is correlated with the 
spreading code used in the connection. 

13. A method according to claim 1 1 in a network using CDMA air 
35 interface in which the connections are divided using different spreading 

codes, characterized in that the value for the interference is an estimate the 
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interference power made after the signal has been correlated with the 
spreading code used in the connection. 

14. A method according to claims 1 or 10 to 13, characterized in 
that at least one of the sets of trigger conditions is a condition for the change 

5 of the parameters of the received radio signals or a function thereof. 

15. A method according to any of claims 1 1 to 14, characterized 
in that the trigger conditions comprise at least one base station specific offset 
value. 

16. A method according to claim 15, characterized in that at least 
10 one of the offset values is dynamically defined by the network. 

17. A method according to claim 1, characterized in that the 
network informs the mobile station what information to include in the 
measurement report, and the mobile station includes this information in the 
measurement report. 

15 18. A method according to claim 17, characterized in that the 

radio signals are ordered using a predefined condition, and in the 
measurement report sent from the mobile station, information about the 
properties of a predefined number of the best radio signals according to the 
condition are reported. 

20 19. A method according to claim 17, characterized in that the 

number of radio signals to be reported is given by the network. 

20. A method according to claim 17, characterized in that the 
measurement report comprises a value for the path loss for a reported signal 
or a function thereof. 

25 21. A method according to claim 17, characterized in that the 

measurement report comprises a value for the carrier to interference ratio of 
a reported signal of a function thereof. 

22. A mobile station for a telecommunication system comprising 
mobile stations and a network comprising base stations, wherein the mobile 
30 stations monitor the radio signals sent by the base stations, 
characterized in that the mobile station has 
receiving means for receiving information about first and second 
set of trigger conditions corresponding, respectively, to uplink and downlink 
signals and a logical function, 
35 monitoring means for monitoring radio signals, 
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checking means which is responsive to the receiving means and 
the monitoring means and which has the functionality of checking the state of 
each trigger conditions, 

combining means responsive to the checking means for 
5 combining the states according to the logical function, and 

sending means responsive to the combining means for sending a 
measurement report to the base station. 

23. A mobile station according to claim 22 characterized in that 

the receiving means are arranged to receive a first combination of 
10 a first and a second set of trigger conditions and the logical function and a 
second combination of a first and a second set of trigger conditions and the 
logical function, and 

the checking means and the combining means are arranged to 
use the first combination for radio signals from or to active base stations 
15 having an active link with the mobile station and the second combination is 
used for radio signals from or to candidate base stations not having an active 
link with the mobile station. 
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1 . This international preliminary examination report has been prepared by this international Preliminary Examining Authority 



and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 2 sheets. 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 



Description, pages: 

1-3,5-14 
4,4a 



as published 
as received on 



1 9/04/2000 with letter of 



13/04/2000 



Claims, No.: 

1-23 



as published 



Drawings, sheets: 

1/8-8/8 as published 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-23 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-23 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-23 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . The invention relates to measurement reporting in a telecommunication system. 
In cellular telecommunication networks, soft hand-over generally improve the 
overall performance of the network ressources. It may however have a negative 
impact on capacity of the network due to unnecessary branches between the MS 
and the base stations. 

The principle of dynamic level thresholds for active set management is known to 
partially solve he problem. 

The method of claim 1 and the mobile station of claim 22 still improve the 
management of the compromise between the efficiency of the hand-over 
algorithms and the usage of radio resources by defining triggers for radio signal 
parameters for sending a measurement report separately for downlink and uplink 
directions. 

The nearest cited prior art WO9802010 discloses a process whereby 
measurements ondownlinlTand uplink parameters are used for adaptative 
allocation of frequencies or channels, however no hints is given as to the use of 
the measurements to improve the network signaling ressources including hand- 
over management. 

Therefore it isconsidered that claims 1 and 22 complywith the requirementsof 
Article 33(2) and 33(3) PCT. 

2. Dependent claims 2 to 21 and 23 comprise additional features of the inventive 
method and apparatus claim they are appended to and as such comply with the 
requirements of Article 33(2) and (3) PCT. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY 



International application No. PCT/FI99/00095 



EXAMINATION REPORT - SEPARATE SHEET 



Re Item VII 

Certain defects in the international application 



1 . The features of the claims have not been provided with reference signsplaced in 
parantheses (Rule 6.2 (b) PCT). 
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Applicant's or agent's file reference 

14231 WO 
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( day /month /year ) 
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FOR FURTHER ACTION Sec paragraphs 1 and 4 below 



liilerriatiori.il application No. 

PCT/FI99/00095 



International filing date 

( day /mo nth /year ) 

09-02-1999 



Applicant 

Nokia Telecommunications 0Y 
et al 



1. | X j The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

'Hie applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report: however, for more details, see the notes on the accompanying sheet. 

Where? To the International Bureau of W IPO 
34, chernin des Colonibett.es 
121 I Geneva 20, Switzerland 
Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, sec notes on the accompanying sheet. 

2 I I 1 1lc a PP lica, » t ' s hereby notified that no international search report will be established and that the declaration 
* I ' under Article I 7(2)(a) to that effect is transmitted herewith. 



3. | | With regard to the protest against payment of (an) additional fcc(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the lex Us of both the protest and the decision thereon to the designated Offices. 

| | no decision has been made yet on the protest: the applicant will be notified as soon as a decision is made. 



4. Further action(s): lite applicant is reminded of the following: 

Shortly afier 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or 
of the priority claim, must reach the International Bureau as provided in Rules 9t)bisA and 90/^.3, respectively, 
before the completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the app- 
licant wishes to postpone the entry into the national phase until 30 months from the priority date (in some Ollices 
even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national nhasc 
before all designated Offices which have not been elected within 19 months from the priority date or could not be 
elected because they are not bound by Chapter II. 
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This international search rq>ort has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



| X | It is also accompanied by a copy of each prior art document cited in this report. 



1. | | Certain claims were found unsearchable (See Box I). 

2. | | Unity of invention is lacking (Sec Box II). 

3. I I The international application contains disclosure of a nucleotide and/or amino acid sequence listing arid the 

international search was carried out on the basis of the sequence listing 



□ 
□ 

□ 



filed with the international application. 

furnished by the applicant separately from the international application, 
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transcribed by this Authority. 



but not. accompanied by a statement to the effect that it did not include 
matter going beyond the disclosure in the international application as filed. 



4. With regard to the title, I x I llie text is approved as submitted by the applicant. 

| | the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

|x | the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears 
in Box III. 'Hie applicant may, within one month from the date of mailing of this inter- 
national search report, submit comments to this Authority. 

6. 'lite figure of the drawings to be published with the abstract is: 

Figure No. 2 [x~l as suggested by Hie applicant. Q None or the figures. 

| | because the applicant failed to suggest a figure. 
| | because this figure better characterizes the invention. 
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"I" later document puhlishcd alter the international filing date or pn only- 
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"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered lo involve an inventive 
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| | the applicant | | the inventor | X| the agent 



| | the common representative 
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the person 



□ 



the name 
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State of Nationality 
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Teleprinter No. 



3. Further observations, if necessary: 
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| X | the receiving Office 
| | the International Searching Authority 
| X| the International Preliminary Examining Authority 



| | the designated Offices concerned 
| X| the elected Offices concerned 
| | other: 



The International Bureau of WIPO 
34, chemin des Cotombettes 
1211 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 
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Jean-Marie McAdams 
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Applicant 
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1 . Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,CN,EP,IL,JP,KP,KR,US 

In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AUAM^P^AT^BA^B^G^R^Y^A^H^U.CZ^DE^K^A^E^S^I^GB^D^GE^H^M^R^U, 

IDJNJS.KE.KG^Z^C^K^R^S^T^U^V^MD^G^^MN^W^X^NO^Z^A^UPT^O^U^D, 

SE^SCSI.S^SLTJ^MJR^UA^UCUZ^VN^U^W 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
26 August 1999 (26.08.99) under No. WO 99/43177 

REMINDER REGARDING CHAPTER II (Article 31{2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent international Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 1 9-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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Offices of its election: 

AP :GH/3M,KE^S,MW,SD,SZ,UG,ZW 
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applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 
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whose beacon signal is above T1 will not improve performance but will utilize 
more network resources. In these situations a higher value of T2 is used. 

After detecting a base station signal above T2, the MS will report it 
back to the network. The network will then set up the handover resources 
5 and order the MS to coherently demodulate the signal of this additional 
branch. 

Beacons can be dropped from the active set according to the 
same principles. When the beacon strength decreases below a dynamic 
threshold T3, the handover connection is removed, and the beacon is moved 

10 back to the candidate set. The threshold T3 is a function of the total energy 
of beacons in the active set. When beacons in the active set are weak, 
removal a branch, even a weak one, will decrease performance. In these 
situations, a relatively low value of T3 is used. When there is one or more 
dominant branches, removal of a weaker signal will not decrease 

15 performance but will make the utilization of the network resources more 
efficient. In these situations a higher value of T3 is used. Branches not 
contributing sufficiently to the total received energy will be droppeU When 
further decreasing below a static threshold T4 a beacon is removed from the 
candidate set. 

20 To be able to control the connection, the network needs in 

different situations different kinds and different amount of measurement 
information. The more information is sent the more efficient the handover 
algorithm are. However, the more information the mobile station sends the 
network, the more radio resources are spent. Thus, the measurement 

25 reporting schemes according to prior art are always compromises between 
the efficiency of the handover algorithms and the usage of radio resources. 

As the usage of mobile telecommunication systems and 
multimedia applications requiring large bandwidths is growing the present 
methods are no longer sufficient, thus limiting the performance of the mobile 

30 telecommunication networks. The objective of the present invention is a 
flexible measurement reporting scheme which solves this problem. 

Summary of the invention 

The basic idea of this invention is to define triggers, e.g. threshold 
values for radio signal parameters, for sending a measurement report 
35 separately for downlink and uplink directions. In addition, it is specified how 



